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(54) MICROWAVE POWER DIVir®R 



(71) We, Transco Products, Inc., of 
4241 Glencoe Avenue, Venice, California, 
United States of America, a Corporation 
organised and existing under the Laws of the 
5 State of California. United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
performed, to be particularly des- 
10 cribed in and by the following statement: — 

The present invention relates to a micro- 
v/ave power divider and, more particularly, 
to a novel power divider having a housing 
formed with a branched waveguide, the walls 
15 of which exhibit compound curvatures, and 
having a switching member adapted to dis- 
tribute the power output between a plurality 
of antennas. 

In many microwave applications, it is 
20 necess^y to distribute electrical energy in- 
put signal from a single source between 
several output loads. For example, it may 
be necessary to switch the power output 
of a radar transmitter from one antenna to 
25 another antenna, or to divide the transmitter 
power equally or unequally between two or 
more loads. 

Ill the past, various waveguide power 
divider configurations have been suggested. 
30 the simplest of which utilizes a Y-shaped 
waveguide with a swinging vane located at 
tlie branch of the Y. Such a waveguide is 
illustrated, for example, on page 197 of the 
textbook **Veiy High Frequenev Tech- 
25 niqiies" edited by the Staff of the Radio Re- 
search Laboratory, Harvard University, 
Boston Technological Publishers, 1965. In 
tliis Y-type divider, the angular position of 
tlie vane determines the percentage of the 
40 input signal propagated to each branch of 
the Y-shaped waveguide. 

Conventional Y-type power dividers have 
the disadvantage that the outport ports are 
not at right angles to the input port. Fur- 
45 ther, the angle of the Y waveguide branch 
is critical, and since a small angle must be 
[Price 25p\ 



used for effective power division, the over- 
^ length of the power divider of necessity 
IS large. ^ 

Other Y-type dividers are known to cause 
power breakdowns due to inadvertent arcin<» 
across the waveguide and the sidewalls of 
the swinging vane employed to divide power 
between a plurality of antennas. 

variation of the Y-type divider having 
the advMtage of output ports at right angles 
to toe mput port is described on page 525 
of the book entitled **Microwave Transmis- 
' ^ted by George L. Ragan. 
McGraw-Hill Company, New York. 1948. 

illurtiated and described therein, this Y- 
tjpe dmder provided with a T-shape is 
limited m mmimum overall size due to the 
small branch angle of the Y waveguide. 
Moreover, such a divider is difficult to con- 
struct comprKmg several short, substan- 
tiaUy rectangular waveguide sections oriented 
f * “iscrete wgles with the adjacent segments 
to lorm the T. 

Several T-shaped power dividers have 
been su^ested. including the rotary tap 
switch lUustr^ed on page 130 of the book 
Mterowa^v Engineering” by A. F. Harvey. 
Academic Press. New York. 1963. As shoira 
therein, a single mput port is connected to 
one or tte offier of two output ports by 

“S*® waveguide 
which is rotatable about an axis perpendicu- 
lar to the pl^e of the switch. The rotatable 
portion can be positioned so that the ridit 
angle wavegiude connwts the input port to 
either the left or the right hand output port 

such a device is 
useful as a microwave power switch, but 
does not have the capability of dividing the 
input power proportionately between the 
two output ports. 

Simh a shuttle switch has a number of 
ffisadvantages. Firstly, the switch is difficult 
to fabricate^ smee a complex moimting ar- 
i^gement IS necessary to insure that the 
shuttle will move smoothly transversely of 
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the input port. Secondly, the switch can- 
not be operated very rapidly, because the 
relatively large mass of the shuttle matenm 
extends the time in which it can be moved 
5 from one position to another. Moreover, 
even in applications where the speed of 
switching is not critical, the shuttle itself 
protrudes from tlie otherwise smooth wave- 
guide surface, effectively presenting an im- 
10 pedance mismatch to an input signal, and 
degrading the voltage standing wave rauo 
obtainable. , . , 

Moreover, in most prior art waveguide 
power diivder configurations, a moving part 
15 such as a vane or a shuttle scrapes against 
the top and bottom surfaces of the wave- 
guide. Often this results in undue erosion 
of the plating on the waveguide, or in actual 
grooving of the waveguide surfaces. 

20 The variable microwave power divider 
defined herein overcomes the dfficulties and 
problems and other limitations encountered 
by conventional dividers. The inventive 
power divider is small in size, while 
25 having its output ports located at n^t 
angles to the input port. The rotary switch- 
ing member utilized has low overall m^, 
thus permitting extremely rapid switchmg 
operation. Tn one embodiment, the ai^cu^e 
30 sides of Ae switching member, and the inside 
walls of the waveguide together exhibit a 
compound curvature which results in a wry 
low voltage standing wave ratio, and which 
contributes to the minimal size of the de- 
35 vice. Moreover, by utilizing top and bottom 
Avaveguide surfaces which rotate in unison 
with the switching member, e^ion of the 
waveguide surfaces due to relative motion of 
the switching member is effectively dimm- 

40 ated. . ^ 

In accordance with the present mvention 
there is provided a microwave power divide 
or director comprising a housing definmg a 
waveguide for propagating electrical energy, 
45 said waveguide being divided into tv/o or 
more branches, at least one ^tching mem- 
ber pivotally mounted on said housing mu 
including a body portion and a blade portion 
tapering away from said body po^on to a 
50 tip; each switching memebr being ^so- 
cjatcd with two adjacent branches of the 
waveguide and constituting an angularly 
positionable partition within the region of 
said waveguide common to all of said 
55 branches ther^f. said switching meinbere 
forming part of the walls of their associated 

branches. . ♦ 

The switching member is rotatable about 
an axis perpendicular to the plane of me 
60 waveguide to facilitate positioning of toe 
blade portion to divide the input sign^ be- 
tween the waveguide branches. The walls of 
the waveguide exhibit compound curvature 
defined by intersecting arcs, toe curvature 
65 resulting in minimum voltage standing wave 



ratio and reduced overall dimensions for toe 
divider. . „ , 

A pair of rotors disposed coaxially above 
and below toe switching member define toe 
top and bottom walls of toe waveguide. The 70 
rotors and the blade of the switching mem- 
ber rotate in unison so that the switchmg 
member may be driven to a desired position 
by toe power actuation of the rotors. Utili^- 
tion of RF absorptive material between toe 75 
power divider body and the rotors irnprov^ 
isolation, as does the use of a flexible tip 
for the switching member which insures con- 
stant contaa of toe tip with the waveguide 
walls during switching operation. oO 

In another embodiment, a pair of rotoy 
switching members facilitates power division 
of a single input signal between a plurality of 
output ports. Energy bases may be reduce 
by incorporating elongated rollers resm^tly o5 
mounted on opposite sides of toe switching 
member to partially occupy toe gap or space 
between the sides of the member and housmg 

The present invention may best be under- 90 
stood by reference to toe following descrip- 
tion, taken in connection with the accom- 
panying drawings. . 

Figure 1 is a simplified schematic diagram 
showing the inventive microwave power 95 
divider as utilized in a typic^ system for 
distribution of an input RF signal between 
a plurality of loads; 

Figure 2 is a perspective view of a micro- 
wave power divider in accordance with the luu 
present invention and an actuator therefor; 

Figure 3 is a perspective view of toe in- 
ventive microwave power diivder, showing 
the branched waveguide and angularly posi- 
tionable switching member coniponente 1U5 
thereof as taken in the direction of line 3 — ^3 
ofHgure2; . 

Figure 4 is a sectional view of one em- 
bodiment of the inventive microwave power 
divider as taken generally along line A — 4 IIU 

of Figure 3; - , - „ 

Figure 5 is a fragmentary sectional view 
of a portion of toe switching member and 
microv/avc power divider housing as viewed 
generally along line 5 — ^5 of Figure 4; 115 

Figure 6 is a sectional view of another 
embodiment of toe inventive microwave 
power divider utilizing a pair of disc-shaped 
rotors, angularly positionable in unison with 
the sv/itching member to define the top and 12U 
bottom waveguide surfaces; 

Figure 6a is a sectional view of the rotor 
mounted switching member employed in toe 
power divider of Figure 6; 

Figure 7 is a simplified top view of toe 125 
inventive waveguide power divider showmg 
the compound curvature of the waveguide 
walls; 

Figure 8 is a top view of toe switching 
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membsr as shown in Figure 3, illustrating 
the curvature of its arcuate sides; 

^ Figure 9 is a sectional view of the switch- 
ing member and power divider bousing as 
5 seen generally along line 9 — 9 of Figure 7; 

Figure 10 is a fragmentary sectional view 
as seen along line 10—10 of Figure 7 illus- 
trabng the notch construction of the wave- 
guide walls; 

10 Rgure 11 is a sectional view of another 
embodiment of the power divider switching 
member including rollers for occupying tlie 
spacmg between it and the adjacent wave- 
guide housing wall surface; 
u ^ simplifled top view of the 

housing portion of the inventive microwave 
power divider showing the location of chan- 
nels designed to contain RF absorbing 
material; 

20 Figure 13 is a sectional view of the micro- 
wave power divider as view'ed generally 
along lines 13 — 13 of Figure 12; 

Figure 14 is a front elevation view of an- 
other embodiment of the inventive micro- 
25 wave power divider having three input or 
output ports; 

Figure 15 is a sectional viev/ of the micro- 
v/ave power divider illustrated in Figure 14 
as viewed generally along Imes 15 — 15 there- 
30 of; 

Figure 16 is a sectional view showing con- 
structional futures of the switching ^mem- 
bers utilized in the microwave power divider 
of Figure 14 as viewed generally along line 
35 16 — 16 of Figure 15; 

Figure 17 is an exploded perspective view 
of anotlier embodiment of the switching 
member employed in the inventive micro- 
wave power divider illustrated in Figure 15 
40 and having a flexible forward position: and 

Figures 18—21 are graphs of voltage 
standing wave ratio (VSWR) as a function of 
frequency for various embodiments of tlie 
inventive microwave power divider as illus- 
45 tiated in Figures 1 — 14. 

In accordance with the present invention, 
a prefeixejd embodiment of the microv/ave 
power dividing apparatus, useful for switch- 
ing or distributing the power of an input 
50 signal between two loads, is shovm in 
Figures 1, 2 and 3. As seen therein, a power 
divider indicated in the direction of arrow 
30 comprises an input port 31 and output 
ports 32 and 33, each of which is at a right 
55 angle with respect to input port 31. The In- 
put and output ports are connected by 
bi’^ched waveguide 35 which includes a 
pair of branches 35a and 35b associated 
respectively ^ wiA ports 32 and 33; the 
60 branches join in common wiUi a wave- 
guide region 35c associated with port 31. 
A switching member 36 is situated at the 
apex of branched waveguide 35 and, to ac- 
complish power division^ utilizes a blade-like 



partition 50 (Fig. 3) which is rotationally 65 
positionablc about an axis 37. 

Referring in detail to Figure 1. the RF 
microwave signal to be switched is fed to in- 
put port 31 of power divider 30 from a 
microwave power source 26 via an appro- 70 
pnate interconnecting waveguide. Power 
source 26 may comprise a magnetron oscil- 
A RAElAR transmitter, or the like. 

As discussed more fully hereinbelow it is 
desirable that the input signal be in a trans- 75 
verse electric mode (for example, the TEo,) 
wito ite electric field perpendicular to pivot 
axis 37. 

WiA switching member 36 located at posi- 
tion 21 (as shovm in Figure 1) all of the 80 
mput signal will propagate via waveguide 
oranch 35a and emerge from power divider 
30 via output port 32. In the example illus- 
trated, the entire signal will be fed to an 
antenna 21 ^tematively. should switching 85 
member .d 6 be located at position 25 (as 
showm 111 phantom in Figure 1). all of the 
signal from source 26 will be propagated 
waveguide 35 to output 
port 33, and hence to an antenna or a 90 
dummy load 29. As will be described in 
detail below, when switching member 36 is 
located intermediate positions 21 and 25 the 
input signal will be divided between the loads 
asOTciated with ports 32 and 33. 95 

Figure 2 illustrates the external appear- 
ance of a device incorporating the inventive 
power divider 30. As may be seen therein, 
power divider 30 is contained in lower 
poruon 40. commonly referred to as the “RF 100 

/ output ports 32 

(not .psible m Figure 2) and 33 each are 
provided with an appropriate flange 41 to 
facilitate interconnection of pov/er divider 
3U with other microwave circuitry Dis- 105 
posed within each flange 41 is a circular 
^•oove 42 adapted to receive an O-ring (not 
shown). By using such O-rings. a pressure- 
light waveguide seal may be achieved there- 
by allowmg pressurization or evacuation of HO 
the waveguide interior. 

Attached to RF head 40 is actuator unit 
43 u^d to control the position of switching 
member 36. Although hidden from view by 
cover 44 actuator unit 43 may comprise 115 
a solenoid, a selsyn, or other device useful 
for rotatmg a shaft to a desired angular 
position m response to a remotely generated 
electrical signal. Electrical connections to 
actuator mechanism 43 are made via a con- 120 
ventional MS-type connector 45. Actuator 
mech^i^ 43 is suitably attached to RF 
l^ad 40 by means of screws 46 which extend 
mrough a mounting ring 47 into a mating 
flange 48. If desired, a rubber gasket may 125 
be used between flange 47 and 48 to achieve 
a pressure tight seal. 

RF head 40 may be fabricated in two 
major sections, a housing 60 and a bottom 
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plate 61. As best shown in Figure 12. hous- 
ing 60 may be milled to define bj^c^ 
■waveguide 35 and a substantially cylindrical 
region 63 which movably receives switching 
member 36. . . . ^ 

As evident in Figure 2, the height a 
of branched waveguide 35 is greater than its 
width “b”. This is consistent with the pre- 
ferred operation of power divider 30 where- 
in the electric field of the input signal is 
perpendicular to axis 37 (that is, paralld 
to the bottom of RF head 40). As is weU 
known to &ose skilled in the microwave mt, 
tlie height “a” determines the lowest fre- 
quency which can be prop^ated in ivave- 
guide 35. For example, with an input signal 
in the TEai mode, the dimension ‘ a” should 
be one-half of the free space vvavdength of 
the lowest frequency of operation. 

Referring to Figure 3, note that a blade 
portion 50 of switching member 36 divid^ 
the common region 35c of waveguide 35 
into two sections of width bj and bo (where 
bi“l“b«=b). Since the electric field is uni- 
form across the v/idth of the waveguide, 
the voltage across the waveguide will be elec- 
trically divided between branches 35a and 
35b in the ratio bj/bo. In addition, the cur- 
rents in the two branches are equal to each 
other and to the currents in the input wave- 
guide. Therefore, branches 35a and 35b 
are in series with the input waveguide and 
the power transmitted through tlie two 
branches 35a and 35b will be in the ratio 
bi/bo determined by the rotational position 
of switching member 36. 

As mentioned earlier, when the tip 51 ^ of 
switching member 36 is located at position 
21. all of the input signal will be directed 
I to ’output port 32. In ^is c^e. bi=b and 
bo=0, and the power is entirely contamed 
within branch 35a. Similarly, when tip 
51 is at position 25. bi=0, and all of the 
power is fed via branch 35b to port 3y>. 

; When switching memter 36 is positioned 
with tip 51 at mid-position 23, biJ=bo, and 
the input signal is equally divided betv/een 
the output ports 32 and 33. When bl^e 
50 is located at position 22 one-third be- 
) tween central position 23 and end position 
21, bi= 3 b 2 . and the input power is divided 
so that the output at port 33 is down 1.4do 
from that at the input, while the power at 
output port 32 is down 5.6db. Similarly, 
5 when at position 24, port 33 receives two- 
thirds of the total input power, output port 
32 receives one-third. Of course svvitching 
member 36 may assume My position be- 
tween the extremes of position 21 and 25, 
0 and at such intermediate positions the power 
still will be differentially divided accordingly. 

As further illustrated in Figure 3, switch- 
ing member 36 is situated at the apex of 
branched waveguide 35 and is attached to 
15 a shaft 52 by means of a key 53. Key 53 



ensures that there wiU be no slip (l.e., no 
relative rotational motion) of svwtching 
member 36 with respect to diaft 52. Swteh- 
ing member 36 itself comprises a substM- 
tially cylindrical portion 54 which gradu- 70 
ally tapers toward tip 51 to form blade por- 
tion 50. The blade portion 50 is trunc^teci 
approximately on a line between a pair of 
spaced apart fingers 62a Md 62b. The pre- 
ferred curvature of the sides of blade por- ' ^ 
tion 50 is discussed herein below in con- 
junction with Figure 8. 

As seen in Figure 4, bottom plate 61 is 
attached to housing 60 and includes a hole 
64 which supports a bearing 65 on an an- ®0 
nular run thereof. A shoulder 52a, extend- 
ing from shaft 52 near its lower end, seats 
on bearing 65 supporting shaft 52 and per- 
mitting it to rotate freely with respect to 
bottom plate 61. Hole 64 is suflficienffy deep 
to clear the end of shaft 52. The upper 
extending portion of shaft 52 passes through 
a hole 66 in housing 60 and is supported by 
a bearing 67. The portion of shaft 52 ex- 
tending beyond housing 60 may be used to 
control the rotational position of switching 
member 36 and, for example, may be at- 
tached to actuator mechanism 43 ^hown in 

figure 2. , oc 

In the embodiment of Figures 4 and 5. the 
top and bottom of waveguide 35 are de- 
fined by an upper surface 70 of bottom 
plate 61 and a surfac^e 71 of housing 60. 

For optimum performance, the clearance be- 
tween the top and bottom surfaces of switch- ICO 
ing member 36 and waveguide surfaces 70 
and 71 should not be more than .002 inch. 

If this spacing is not maintained, blade 50 of 
switching member 36 will be too remote from 
surfaces 70 and 71, resulting in insertion 105 
losses. If the blade 50 drags against these 
surfaces, degradation of the power divider 
30 performance may result. 

One method of insuring the spacing be- 
tween blade portion 50 and waveguide top 110 
and bottom surfaces 70 and 71 is illustrated 
in Figure 11. As shown therein, rollers 72a 
and 72b are mounted in troughs 73a and 73b 
cut respectively in the top and bottom sur- 
faces of blade portion 50 of switching mem- 115 
bar 36. Wavy springs 74a and 74b are 
mounted within troughs 73a and 73b to bias 
rollers 72a and 72b away from blade 50. 
Furtliermore, the rollers prevent RF lealcage 
between tlie blade and the adjacent side walls 120 
which improves isolation. 

Rollers 72a and 72b respectively ride 
against top and bottom surfaces 71 and 70. 
under the force of springs 74a and 74b, in- 
suring smooth operation and clearance be- 125 
tween switching member 36 and these sur- 
faces. Typically, rollers 72a and 72b each 
may comprise a hard steel pin having a 
diameter of about .030— .060 inch, while 
blade portion 50 may have a height of about 130 
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.010 inch less than the height “a** of wave- 
guide 35. As switching member 36 is rotated, 
the rollers will maintain close engagement, 
eliminating the RF losses which normally 
5 might occur. Furthermore, the embodiment 
of Figure 11 is less expensive to fabricate 
than that of Figure 4, since the dimensional 
tolerances are less critical. 

Referring again to Figure 4, note that 
10 a peripheral groove 75 is provided in the 
top surface of bottom plate 61. Groove 75 
may be filled with an appropriate sealant to 
result in a pressure tight seal between bottom 
plate 61 and housing 60. 

15 ^ Another technique to eliminate the scrap- 
ing due to blade 50 is to utilize a pair of 
disc-shaped rotors to define the top and 
bottom surfaces of waveguide 35. The rotors 
then may be rotationally positioned in uni- 
20 son with switching member 36. Such an 
embodiment is illustrated in Figures 6 and 
6a, 

Referring to Figure 6, note that a pair 
of shallow cylindrical channels 76a and 76b, 
25 each concentric with axis 37, are provided 
respectively in housing 60 and bottom plate 
61. Situated in tliese channels are disc- 
shaped rotors 77a and 77b, which, like 
switching member 36, are keyed to shaft 52 
30 by key 53. In a preferred embodiment, the 
diameter of rotors 77a and 77b is sli^tly 
greater than the distance between axis 37 
and tip 51 of switching member 36. Screws 
78a and 78b extend respectively through 
35 rotors 77a and 77b into blade portion 50. 
Thus, key 53 and screws 78a and 78b insure 
tliat rotors 77a and 77b rotate exactly in 
unison with switching member 36 as shaft 
52 is turned via actuator 43. 

40 Grooves 80 are provided in housing 60 
and in bottom cover 81 and may be filled 
with a sealant for pressurization purposes. 
Bottom cover 81 serves to hide the various 
pins and screws otherwise visible beneath 
45 bottom plate 61. These include dowel or 
taper pins 82 provided to maintain alignment 
between the separately machined components 
of power divider 30 and screws 83 and are 
employed to attach bottom plate 61 to hous- 
50 ing 60. If desired, detents (not shown) may 
be positioned within channel 76b to facili- 
tate rapid orientation of switching member 
36 to preselected angular positions. 

The desi^ feature illustrated in Figures 
55 12 and 13 is utilized to reduce RF leakage 
from waveguide 35 along the surfaces of 
rotors 77a and 77b. In particular, note that 
shallow troughs 85a, 85b and 85c extend 
downwardly witliin housing 60 from the sur- 
60 face against which upper rotor 77a abuts, 
(hi Figure 12, of course, neither rotor 77a 
nor switching member 36 is shown.) A 
similar set of shallow' troughs 86 extend 
upward within housing 60 from the sur- 
65 face 87 against which rotor 77b abuts. 



Troughs 85 and 86 generally are contoured 
to match the curvature of the walls of wave- 
guide 35 and opening 63 (^wdiich receives 
switching member 36). In a preferred em- 
bodiment, troughs 85 and 86 each have a 70 
depth of about one-eighth inch. 

Troughs 85 and 86, and grooves 87 ex- 
tending therefrom into region 63. all are 
ffled with an RF absorptive material 88. 
huch lossy materials are well known to those 75 
skilled m the art and are typified by the 
matenal sold by Emerson & Cummings 
under Ae mark MF-124. Material 88 is 
somewhat plastic in consistency and presses 
against rotors 77a and 77b. effectively elim- 80 
mating as an RF leakage path the gap be- 
tween housing 60 and rotors 77a and 77b. 
Moreover, by reducing RF leakage between 
waveguide branches 35a and 35b RF ab- 
sorptive material 88 significantly ’increases 85 
the isolation of power divider 30. Typically 
an improvement in isolation of from one 
and onc-half to one or two to one is obtained 
using absorptive material 88, as compared . 
with a switch constructed without the 90 
matenal. 

It has been found that no significant im- 
provement in isolation results from extend- 
Mig groovy 87 down the inside of region 
OT with troughs 85 and 86, if grooves 95 
• ^ depth of about one-eighth 

inch from the top and bottom surfaces of 
noising 60, good isolation is obtained. 

The inventive power divider 30 offers the 
combined features of having its output ports 100 
e right angles to input port 31, 
and thus i unctions as tlie equivalent of a T- 
type divider while having small size. These 
combined features are accomplished with 
minimum power loss and minimum voltage 105 
standing wave ratio fVSWR) by utilizing 
a compound curvature for the side walls of 
waveguide 35. This compound curvature is 
Illustrated in Figures 7 and 8. 

Referring to Rgure 7. note that outer wall 110 
90 of waveguide branch 35a is defined by 
two uitersming arcs. In the region be- 
tween position 25 and intersection point 91 
the curvature of wall 90 is defined by an arc 
of a circle having radius C and centerpoint 115 
Similarly, the curvature of wall 90 in 
the region between intersection point 91 and 
point 93 (adjacent output port 32) is defined 
by the arc of a circle having radius D and 
Mnterpoint 94. The radii C and D. and 120 
the location of centerpoints 92 and 94 are 
determined to provide minimum 
ysWR for power divider 30; of course, the 
dimensions depend also on the frequency 
of operation of the device. ~ 125 

Referring still to the compound curvature 
of outer wall 90 of waveguide 35, it has been 
round that the very low VSWR results when 
the radius C is equal to the radius D, and 
when center point 92 is situated so that a 130 
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radius drawn from center point 92 to ams 
37 lies at a 45° angle to another radius 
drawn from axis 37 through blade petition 
23 as shown in Figure 7. Center point 94 
5 is located to insure that the distance 
tween the center of output port 32 and poiirt 
93 is equal to b/2, with a line through 
centers of output ports 32 and 33 intersecting 

axis 37. , , . 

10 Inner wall 95 of waveguide branch 35a 
also exhibits compound curvature, in part 
defined by the curvature of blade 50. As 
seen in Figure 7, in the region between 
finger 62b and point 96 (adjacent output port 
15 32) the curvature of inner wall 95 is defined 
by an arc having radius E and center point 
97. Radius E is greater than either of radu 
C or D, and center point 97 is selected so 
that point 96 is at a distance of b/2 from 
20 the center of output port 32. 

The curvature of the sides of the blade 
portion 50 of switching member 36 is iU^" 
Uated in Figure 8. As seen therein, this 
curvature is deSned by an arc having radius 
25 F and center point 98. Radius F need not 
be equal to radius E; however, radius F 
preferably should be of sufficient magnitude 
so that surface 99 between tip 51 and cylin- 
drical portion 54 may be defined by a single 

30 arc. , 

Referring again to Figure 7, note 
waveguide 35 is symmetric. That is, the 
cur\^ature of inner and outer walls 95 and 
9F of waveguide branch 35b (see Figure 
35 7) are defined by arcs identical to those de- 
fining the compound curvature of walis 91 

pnd 95. . * f 

Mobile the arcs definmg the cur\^ature or 
walls 91, 95 and 99 have been shown m 
40 Figures 7 and 8, as being^ arcs of a circle, 
the invention is not so limited. For ex- 
ample, outer wall 91 may be defined by other 
than circular arcs. , . . . ^ 

Although the width of each of input ports 
45 31 and output ports 32 and 33 is equal to 
“b”, due to the compound curvature, this 
exact width is not maintained through the 
entire length of waveguide branches 35a and 
35b. However, since the electric field is 
50 parallel to the top and bottom of wave- 
Wide 35 this slight variation in width causes 
only negligible distortion of the signal be- 
ing propagated. Moreover, ^ ffiere are no 
bumps or abrupt discontinuities in wave- 
55 guide 35 despite its compound curv'ature. 
TIius, waveguide 35 presents very little im- 
pedance mismatch to an input signal and 
resultantly, pov/er divider 30 has a very 
low VS\W. 

60 As an added benefit, the compound curva- 
ture of waveguide 35 permits output ports 
32 and 33 to be situated at right angles 
v/ith respect to input port 31. At the same 
time, the overall length and width of power 
65 divider 30 is significantly smaller than if a 



single continuous curve were used to define 
the shape of waveguide 35. - , - 

To insure maximum isolation of the mput 
signal from the non-selected output port 
w*hen power divider 30 is used as a switch, 70 
it is important that tip 51 of switching mem- 
ber 36 makes continuous contact with the 
wall of waveguide 35 adjacent inp^ port 
31. As shown in Figure 9, fingers 62a Md 
62b are notched slightly to insure that ttey 75 
will not dig into the side of sv/itching member 
36 as it is rotated to the extreme positions 
21 (shown in Figure 9) Md 25. Were these 
notches not provided, tip 51 may re pre- 
vented from completdy contacting the wall 80 
of waveguide 35 when switching member 
36 is rotated to position 21 or 25. By re- 
stricting the maximum gap size between 
fingers 62a and 62b and cylincir^ o^r 

54 of switching member 36 to .002 mch. Rr 85 
reflections due to the fingers are mminu^d. 
Consequently, VSWR also is minimize. 

Referring stiU to Figure 9. note typically 
that the width of tip 51 of switchmg mem- 
her 36 is on the order of .006 to .008 inches. 90 
Thus, when tip 51 is seated against the waU 
of waveguide 35, tip 51 appears ^ a bump 
extending into waveguide 35. This situa- 
tion is undesirable, as the bump constitutes 
a discontinuity which may appear as an 95 
pedance mismatch to an mput signal. Tne 
configuration of Figure 10 may be used to 
eliminate this problem. 

Rrferring to Figure 10. note that housing 
60 has been provided with notches 100a and 100 
100b at the locations where tip 51 of switch- 
ing member 36 contacts the w^s of wave- 
ouide 35. As shown, when sv/itchmg mem- 
ber 36 is located at positional, tip^ 
v/ithin notch 100a. Preferably notdi 100a 105 
has a depth equal to the width of tip 51. so 
that a smooth surface results comprising 
waveguide 91* and curved sute 99 of b^e 
portion 50 of switching member 36. , 
completely eliminates the bump wthm the 110 
wall of waveguide 35 on the si^e where 
switching member 36 is positioMd. ^ me 
opposite side, since notches 100 a and 100& 
extend into the walls of wave^ide 35, re- 
flection of the input signal and hence degi^ 115 
dation of the VSWR, also is minim^. RF 
leakage has been eliminated since the vane 
Ls buried, in the housing and there is no 

linear path for it to follow. 

In certain applications, for example, whra 120 
power divider 30 is used as a fail-safe ^itch. 
iwitching member 36 murt inoved veiy 
rapidly between posiUons 21 and 25. in mis 
instance, top 50 may strike the w^ of the 
v/av^uide with some force, possiWy borne- 125 
in®' or causing wear of the wall. To reduce 
thfs problem, and to insure that the entire 
height of tip 51 makes posihve contact with 
the wall 91 or 91* when at position 21 or 
25 the forward portion 36a or switch mem- 130 
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36 may bs made of a flexible material. 
Such an embodiment is shown in Figure 

Referring to Figure 17, switching mem- 
5 her 36* comprises a body 36a which may 
be fabricated of aluminum, slainless-steel, 
copper or Ae like. Forward member 36b 
preferably is fabricated of resilient material 
such as beryllium copper. A tongue 101 on 
10 member 36b mates into a groove 102 on 
body 36a and is held in place by dowel or 
tapered pins^ 103 which flits through holes 
104 and 105. The curvature of the sides 
of switching member 36*, of course, is the 
15 same as that illustrated for switching mem- 
ber 36 in Figure 8. 

As shown in phantom at 36b* in Figure 
17, forward member 36b may flex with 
respect to body 36a. Thus, when switching 
20 member 36* is quickly rotated to position 21 
or 25, striking force exerted against 
bp 51 will be absorbed by flexure in mem- 
ber 36b and tip 51 quickly will come to rest 
firmly against the waveguide wall. By main- 
25 taining a slight additional rotational force 
on switching member 36. tip 51 may be 
maintained in intimate contact with tlie 
waveguide wall over its entire height. This 
will insure maximum isolation of power 
30 divider 30 when used in the switching mode. 

The excellent voltage standing wave ratio 
characteristics or inventive microwave power 
divider 30 are illustrated by the graphs of 
ySWR vs. frequency in Figures 18 — 21. 
35 Figures 18—19. and 20 show typical VSWR 
characteristics of a KU band power divider 
of the type illustrated in Figure 6. The 
mcc^urements were made on a power divider 
having the compound curvature illustrated in 
40 Figures 8 and 9 and without including the 
RF absorptive material illustrated in Figures 
12 and 13, without the notches illustrated in 
Figure 10 or the flexible switching member 
shown in Figure 17. With these latter fea- 
45 tures included, the characteristics of the 
power divider would be vastly improved. 

Referring first to Figure 18. VSWR as a 
function of frequency is shown with switch- 
ing member 36 located at position 21, (The 
50 VSWR curve for position 25 is identical.) 
Note that VSWR does not exceed 1,10:1 
over the entire KU band frequency range of 
12 GHz or 18 GHz. For example, the value 
of the above statement can be better ap- 
55 predated in that a magnetron or other trans- 
mitter tubes can attain a maximum ratio 
of 1 .5 : 1 VSWR before catastrophic failure 
occurs. 

Figure 19 shows the VSWR for power 
60 divider 30 v/ith switching member 36 located 
at midposition 23; recall that in position 23 
the input power is divided equally between 
the two output ports 32 and 33. The VSWR 
measured was less than 1.18:1 over the 
65 entire KU band. 



Figure 20 shows a graph of VSWR as a 
function of frequency with switching mem- 
ber 36 at position 22 or 24. That is, switch- 
ing member 36 is positioned to provide a 
power output of — 5.4 db at one output port 70 
and of —1.6 db at the other output port. 

Note again that the VSWR is less than 
t GfT^^ entire frequency range 12 

Figure 21 shows various curves of VSWR 75 
as a function of frequency for power divider 
30, constructed as shown in Figure 6, but 
designed for operation in the B band. Curve 
107 represents the VSWR measured with 
switching member 36 at position 21 or 25. A 80 
VSWR of less than 1.11:1 was measured 
over the entire frequency range of 7 to 11 
GHz. Curves 108 and 109 show the VSWR 
measured with switching member 36 located 
respectively at positions 22 and 24. In each 85 
Ccise, a maximum VSWR of less than 1.25 : 1 
was noted. Although not shown in Figure 
21, the VSWR measured with switching 
member 36 as midposition 23 yielded values 
which fell between curves 108 and 109. 90 
Again, a maximum of less than 1.25: 1 was 
recorded. 

Another embodiment of the inventive 
microv/avc power divider is illustrated in 
Figures 14, 15 and 16; this embodiment 95 
facilitates selectively dividing a single RF 
signal between three output ports. Alterna- 
tively, singals from three sources may selec- 
tively be switching to a single output port. 

Referring to Figures 14 and 15, note that 100 
waveguide 110 comprises input port 111 and 
output ports 112, 113 and 114. (Of course, 
ports 112, 113 and 114 may be used as in- 
put ports, and port 111 used as the output 
port.) Each output port is provided with 105 
an appropriate flange 115 to facilitate con- 
nection with associated microwave circuitry; 
a similar flange (not shown) is provided for 
input port 111. Flanges 115 are attached 
to waveguide housing 116 and top plate 117 110 
by means of screws 118. 

Power divider 110 includes waveguides 
123, 124 and 125. Wall 126 of waveguide 
123 and wall 127 of waveguide 125 each are 
straight, and extend between input port 111 115 
and^ output ports 1 12 and 1 14 respectively. 

Situated within power divider 1 10 between 
waveguides 123 and 124 is first switching 
member 130; second switching member 131 
is situated between waveguide 124 and 125. 120 
Each of the switching members 130 and 131 
has substantially linear sides, thus when 
ositioned as shown in Figure 15, input port 
11 is connected to output port 113 via 
straight waveguide 124, a portion of which 125 
is formed by sides 133 and 134 of switching 
members 130 and 131. 

To connect an input signal from port 
111 to output port 112, switching member 
130 is rotated counterclockwise about ^aft 130 
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135 until it reaches the position s^wn in 
phantom at 130* (see Figure 15). Tip 136 
is then in contact with side 134 of wave- 
guide 124 adjacent port 111. The angle bc- 

5 tween the side 133 and side 137 of switch- 
ing member 130 is selected so tliat m posi- 
tion 130*. side 137 will be paralld to wall 
126 of waveguide 123. 

In a similar manner, to direct all of an 
10 input signal provided at port 111 to output 
port 114, switching member 130 is mam- 
tained with tip 136 against wall 126. and 
switching member 131 is rotated clockvnse 
about shaft 138 untfl tip 139 touches side 
15 133 of waveguide 124. The angle 

sides 134 and 138 of switching member 131 
is selected so that in this position, side 138 
L parallel to wall 127 of waveguide 125. 

To distribute an input signal at port 111 
20 between more than one output port, one or 
both of switching members 130 and 131 is 
positioned intermediate the edges of port 
111. For example, if switching member 
131 remains as shown in Figure 15, arid 
">5 switching member 130 is rotated so that tip 

136 is located at the center of input port 
111. an input signal will be divided equmly 
between output ports 112 and 113. Simi- 
larly, should both switching members 130 

30 and 131 be positioned partway be^’een the 
edges of input port 1 1 1. an incoming signal 
will be divided between each of the three 
output ports 112. 113 and 114. The power 
division will be in the ratio of the 
35 between a first edge of port 111, tip 136, 
tip 139 and the other edge of port 111- 
For the same considerations discussed 
hereinabove in conjunction with Figure 17, 
it is advantageous to construct switching 
ao members 130 and 131 in two parts. As shown 
in Figures 15 and 16. switching member 130 
comprises body portion 130a and forward 
portion 130b. Body 130a may be made of 
aluminum, stainless steel, copper or tiie hire. 
45 Preferably, forv/ard member 130b is made 
of a flexible material such as beryllium-cop- 
per; tlius, member 130 will flex somewhat 
when tip 136 forcibly strikes an edge of port 
111. Body portion 130a is keyed to shaft 

50 135 by key 140. _ 

Switching member 131 is identical to mem- 
ber 130. comprising body portion 131a and 
flexible forward portion 131b. Body por- 
tion 131a is keyed to shaft 138 by key 141. 
55 While particular embodiments of the pre- 
sent invention have been shown and d«- 
cribed. changes and modifications may_ be 
made without departing from this invention. 

WHAT WE CLAIM IS:— 

60 1. A microwave power divider or direc- 

tor comprising a housing defining a wav^ 
guide for propagating electric energy, said 
waveguide being divided into two or more 
branches; at least one switching member 



pivotally mounted on said housing and in- 65 
eluding a body portion and a blade_ portion 
tapering away from said body porfon to a 
tip; each switching member bemg ^o~ 
ciated with two adjacent branches of the 
waveguide and constituting an angularly 
positionable partition within the re^on of 
said waveguide common to all of said 
branches thereof, said switching meinbere 
forming part of the walls of their associated 
branches. 

2. A microwave power divider or direc- 
tor as defined in claim 1 including a por- 
tion of said housing being rotatably mounted 
thereon so as to define a part of said wave- 
guide; and means securing said pomon to 
said switch member so that said switch mem- 
ber pivots in response to rotation of saia 

portion. j j- 

3. A microwave power divider or curec- 

tor as defined in claim 1 including means od 
rotatably carried on said housing and secured 
to said switch member for pivotally posi- 
tioning said switch member. 

4. A microwave power divider or dir^- 
tor as defined in any one of said pre^ding ^ 
claims wherein said br^ched waveguide ex- 
tends from a common input port; said wave- 
guide includes first and second branchy 
terminating respectively in first md second 
output ports being at right angles to smd yo 
input port; said switching member having 
arcuate opposite sides, being adaptM to 
selectively divide the electric^ energy being 
propagated; and wherein said Immmg h^ 
internal opposing sidewalls defining said lOU 
branched waveguide, said opposing sidewalls 
and said opposite arcuate sides of said 
switching member form complementary com- 
pound curvatures. 

5. A microwave divider or director as 105 
defined in any one of the preceding claims 
wherein said switching member comprises a 
substantially cylindrical portion tnmeated 
parallel to its axis and a blade portion ex- 
tending from said truncation m a plane liu 
parallel to said axis, the opposite sides ot 
said blade portion eadi being detoed by the 
right projection of an arc of a circle. 

6. A microwave divider or director as 
defined in claim 4 wherein the outer wall of 115 
said branch sidewalls is defined by ^o m- 
tersecting arcs comprising the arcs of over- 
lapping circles. 

7. A microwave divider or director as 
defined in claim 6 wherein said overlappmg 120 
circles each have the same dianieter. 

8 A microwave divider or director as 
defined in any one of the preoedmg cl^ 
wherein said switching member is med on 
a shaft rotatably mounted on said housmg. 125 
and means mounted on said housing “ 
ably coupled to said shaft for selecUvdy 
positioning said blade portion to one of a 
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plurality of predetermined locations witliiii 
said common input port 

9. A microwave power divider or direc- 
tor as defined in claim 1 wherein said lious- 

5 ing defines a waveguide having two branches; 
and including first and second disc-shaped 
rotors coaxially rotatably disposed respec- 
tively atop and below said waveguide so as 
to define the top and bottom of said wave- 
10 guide; and said switching member fixedly 
attached between said rotors, said body por- 
tion being cylindrical and coaxial with said 
rotors. 

10. A microwave divider or director as 
15 defined in claim 9 wherein angular orienta- 
tion of said rotors causes said tip to be posi- 
tioned between first and second outer walls 
of said coinmon region of said waveguide 
thereby dividing an input electrical energy 

20 signal between said two branches in propor- 
tion to the distance of said tip from said 
first and second walls. 

11. A microwave divider or director as 
defined in claim 10 wherein said waveguide 

25 is defined by opposing sidewalls composed 
of compound curvatures, a stationary por- 
Uon of the inner wall of said sidewalls term- 
inating adjacent said cylindrical body por- 
tion of said switcliing member, and whereby 
30 the inner wall compound curvature is de- 
fined by the curvature of said stationary 
portion and the curvature of said arcuate 
blade. 

12. A microwave divider or director as 
35 defined in claim 9 wherein said tip con- 
stitutes a flexible extension secured to said 
cylindrical portion of said switching mem- 
ber. 

13. A microwave divider or director as 
40 defined *n claim 12 wherein said tip exten- 
sion is composed of beryllium copper. 

14. A microwave divider or director as 
defined in claim 12 wherein the cylindrical 
portion of said switching member is of a 

45 material selected from the class consisting 
of aluminium, copper and stainless steel. 

15. A microwave divider or director as 
defined in any one of the preceding claims, 
wherein said sidewalls are selectively notched 

50 whereby seating of said tip in one of said 
notches causes said sidewaJl and a selected 
side of said blade to define a smooth sur- 
face. 

16. A microwave divider or director as 
55 defined in claim 15 wherein a pair of notches 

are provided, separated by said switching 
member in the sidewalls at the common 
region of said waveguide so as to permit said 
switching member to pivot about its axis 
60 without binding against said housing. 

17. A microwave divider or director as 
defined in claim 16 wherein each of said 



sides of said blade portion is formed with a 
recess for rotatably mounting an elongated 
roller having its outer periphery rollably en- 65 
gageable with an adjacent housing sidewall. 

IS. A microwave divider or director as 
defined in claim 17 including resilient means 
disposed in each of said recesses adapted to 
bias said rollers outwardly mto forcible con- 70 
tact with each of said adjacent housing side- 
walls respectivelv, 

A microwave divider or director as 
defined in any one of the claims 9 to 18, 
wherein said housing includes shallow cavi- 75 
ties formed therein adjacent each of said 
rotors; lossy material disposed within 
said cavities so as to fully occupy the space 
tlierein. 

20. A microwave power divider or direc- 80 
tor as defined m claim 1 wherein said 
branched waveguide extends from a plurality 

of input ports to a single output port, and 
said housing has internal opposing sidewalls 
defining said branched waveguide, and 85 
wherein a pair of wedge-shaped switching 
members are provided, each being movably 
disposed between said opposing sidewalls 
and arranged spaced apart in side-by-side 
relationship, respective pivot axes of said 90 
switching members lying in the same plane 
offset with respect to any of said input ports, 
mid wherein each of said switching members 
is independently actuable. 

21. A microwave power divider or direc- 95 

tor as defined in claim 20 wherein said out- 
put port is parallel to a selected one of 
^id input ports and the other ones of said 
input ports are angularly related to said 
selected one of said input ports. 100 

22. A microwave power divider or direc- 
tor as defined in claim 21 wherein each of 
said switching members includes a resilient 
blade portion adapted to flex upon contact 
with the sidewalls of said waveguide re- 105 
sponsive to pivotal movement of said switch- 
ing member. 

23. A microwave power divider or direc- 
tor as defined in claim 22 wherein each of 
said switching members includes a thickened 110 
body portion pivotally carried on said hous- 
ing and a tapered portion extending from 
said thickened portion to terminate in a tip. 

24. A microwave power divider or 
director as defined in claim 23 wherein said 115 
tip is detachably mounted on said tapered 
portion. 

25. A microwave power divider or direc- 
tor substantially as hereinbefore described 
with reference to the accompanying draw- 120 
ings. 

POTTS, KERR & O’BRIEN. 
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